This study attempts to evaluate the impact of an increase in banks' funding stress and its transmission to the real economy, taking into account different funding sources banks can rely on. Using aggregate data from eight Euro area financial systems, we find that following a liquidity funding shock, both credit and GDP decline in different amounts and lengths. GDP reverts faster than credit. Furthermore, periphery countries experience a more pronounced fall in deposits and credit growth and the negative effects from the shock last longer than in core countries. Banks' funding seems to play a relevant role as periphery countries rely more on wholesale funding during normal times.
Introduction
The Global Financial Crisis (GFC) and the European sovereign debt crisis demonstrated the strong connection between monetary policy and financial stability, and showed that financial stress conditions can have an important impact on the real economy. These episodes of stress forced European banks to change their funding structures, especially for banks with weaker structural liquidity (i.e., those that display a low ratio of long-term stable funding sources to structural asset positions) and higher leverage in the pre-crisis period (van Rixtel and Gasperini (2013) and Vazquez and Federico (2015) ). In response to this, during the GFC many central banks adopted expansionary monetary policies in order to achieve financial stability, allay deflationary fears, and promote economic growth. Official interest rates were brought down to the zero lower bound across the board, and major central banks expanded their balance sheets by purchasing securities or by providing ample liquidity to the banking sector. These unconventional monetary policies resulted in a price increase of those securities and a reduction in their yields, as well as a decline in market risk premium and banks' funding stress.
In particular, the European Central Bank (ECB) launched a series of unconventional measures to ensure the effective transmission of the monetary policy stance to the real economy. However, at some point the ECB will taper off these unconventional measures and banks will therefore have to rely on their traditional wholesale funding sources, such as the interbank market. The transition from an environment of excess liquidity could make banks more vulnerable to funding shocks and possibly force the ECB to step in again. In this paper, we analyze the liquidity channel of financial transmission through which liquidity funding shocks spread to banks' funding mix as well as to the real economy (BIS (2011) ).
The impact of liquidity funding shocks on the banks' liability side has been increasingly studied in the literature (Baglioni (2012) ) but mainly with bank-level data, such as de Haan and van den End (2013) and de Haan et al. (2017) . This paper contributes to this growing literature by analyzing, using a macroeconomic approach, how aggregates of banks' funding sources and macroeconomic variables adjust to a liquidity shock in the interbank market. In addition, we want to investigate how this shock could affect credit availability and if the impact on credit volumes will be short lived or more persistent over time.
For this purpose, we estimate a panel VAR for eight countries in the Euro area (Austria, Belgium, France, Germany, Ireland, Italy, Portugal, and Spain) for the period 2003:Q1-2015:Q4, in which we distinguish between core and periphery countries. We use aggregate data for each country's financial system. To our knowledge, this is the first study to apply a panel VAR approach to a sample of Euro area countries and to address the effects of wholesale funding shocks at a country level. Most of the studies addressing the effects of liquidity funding shocks have been carried out in a micro framework using bank-level data. Although this framework allows the richness of the disaggregated data to be exploited, it does not permit an analysis of the implications for GDP and credit growth. Taking into account the evolution of these variables allows for better measurement of the effects of ECB policies on the real economy.
Our results show that wholesale liquidity funding shocks cause banks to adjust their funding mix through an increased reliance on the ECB and a decline in wholesale market funding. Moreover, this shock causes a relatively persistent impact on loan growth. There is a heterogeneous response of core and periphery countries that could be explained by the composition of banks' funding as well as the soundness of a country's financial system. This findings have important implications for financial regulation and macroprudential policy since they point towards the need to implement minimum capital requirements or similar measures to assure financial soundness.
The paper is structured as follows. In section 2, some stylized facts are presented. Section 3 contains a literature review. Section 4 presents the data and section 5 covers the model. In section 6, we discuss the findings of the empirical model. In section 7, we check the robustness of the results. Finally, section 8 concludes the paper.
Monetary policy responses to the crisis
As a result of the 2007-08 subprime crisis and the 2011 European sovereign debt crisis, liquidity in the interbank market dried up, and banks' access to market-based funding became severely impaired. Normally, the interbank market operates smoothly, with interest rates for unsecured interbank loans being only marginally higher than rates on secured interbank loans or on central bank loans. In these two crisis episodes, however, the funding through interbank markets was severely impaired, with rising interest rates and increased liquidity hoarding by banks.
A traditional measure to assess the health of the interbank market is the Euribor-Overnight Index Swap (OIS) spread. A higher spread is typically interpreted as a signal of decreased willingness to lend by major banks, while a lower spread indicates higher liquidity in the market.
As such, the spread can be viewed as an indicator of banks' perception of the creditworthiness of other financial institutions and the general availability of funds. Figure 1 shows the evolution of the 3-month Euribor-OIS spread over the last decade. Before the GFC, money markets were functioning smoothly. Spreads were broadly stable and quite low, with little dispersion across counterparties, and the market was liquid, especially at the short end. The Euribor-OIS spread hovered below 10 basis points. However, following the outbreak of the financial crisis of 2007-2008, the spread spiked to an all-time high of 197 basis points in October 2008, due to higher perceived credit risk among banks. In order to prevent market-wide liquidity problems that could threaten financial stability, major central banks introduced measures to provide large liquidity to the banking sector.
In particular, in October 2008 the ECB introduced the fixed-rate-full-allotment (FRFA) tender LTROs 1 conducted by the ECB helped allay fears over banks' funding pressure, thus leading to a substantial easing of financial conditions and a reduction of the interbank rate spread.
Partly, as a result of these interbank market tensions, credit availability for households and nonfinancial firms became severely impaired. Financial institutions tightened lending standards and credit flows to both households, and firms experienced significant declines, thus dragging down nominal growth. Following the two aforementioned episodes of financial stress, private credit growth turned negative, especially for the nonfinancial corporate sector. This decline in private credit growth not only reflects supply-side factors (such as increasing funding difficulties or capital shortfalls for banks), but also demand-side factors (such as a deterioration in the prospects for the economy, and notably the housing market). For instance, Bernanke and Lown (1991) show that both reduced credit supply as well as weak demand effects played a major role in the US recession of 1990. Altavilla et al. (2015) find that tighter bank loan supply to nonfinancial corporations led to a protracted contraction in credit volumes and higher bank lending spreads.
These episodes of stress forced banks in the Euro area to change their funding structures. Before the crisis, banks worldwide had increasingly used wholesale funding repurchase agreements (repos), brokered deposits, interbank loans, and commercial paper to supplement retail deposits (Feldman and Schmidt (2001) ). However, as a result of limited access to private short-term wholesale and interbank markets, banks in the Euro area were forced to reduce sharply their reliance on wholesale funding sources: i.e., the sum of deposits from other deposit-taking corporations, money market fund shares and total debt securities issued by Euro area residents. In a liquidity crisis, central banks typically respond by lending to banks that are illiquid but solvent, against good collateral. Playing its role as lender of last resort, the ECB took over the liquidity provision task of the interbank market. The ECB's liquidity provision made financial institutions more reliant on funding from the Euro system. This increasing reliance on ECB's funding was particularly relevant in the most stressed countries. For instance, in June 2012 banks in Spain accounted for 51% of the lending to Euro area financial institutions by the ECB, although Spain only accounted for 12% of the Euro area's GDP. Since the peak of the sovereign debt crisis in the summer of 2012, the improvement in financial conditions has allowed banks to reduce steadily their holdings of Euro system funds.
However, ECB's monetary policy stance is still extremely accommodative. The size of the Euro system's balance sheet has increased from 1.5tr euros in 2007 to more than 3tr euros in 2016. Thus, Euro area banks are operating in an environment of easy financial conditions and excess liquidity. This is contributing to the recovery of credit flows and ultimately economic growth in the Euro area. One relevant question for financial institutions and policymakers is to analyze the impact of another episode of wholesale funding liquidity stress on banks' funding structures, lending activity and the real economy.
As a result of the crisis, Euro area banks were under pressure due to rising levels of nonperforming assets (NPAs), which caused losses that eroded dramatically banks' capital bases. As a response to the financial crisis, supervisors and regulators have all aimed at improving banks' capital adequacy. However, in order to strengthen solvency positions, capital-constrained banks became increasingly reluctant to approve new lending, which further aggravated the economic situation. In principle, when a bank needs to improve its capital ratio, it can do so by reducing assets or by raising new equity capital, diluting existing shareholders. As shown by Hyun and Rhee (2011), banks prefer to reduce assets due to the high cost of equity. 
Literature review
Our paper relates to two main strands of literature. The main one focuses on the growing literature on the macroeconomic effects of liquidity funding shocks using multivariate econometric models. In particular, VAR models with macro and financial variables have been increasingly used in order to identify the effect of monetary policy shocks on the economy. Following previous literature (Bernanke and Gertler (1995) ; Christiano et al. (1996) and Christiano et al. (2000) ), the monetary policy shock is usually identified by means of the overnight rate and a specific ordering of variables. Ciccarelli et al. (2013) and Ciccarelli et al. (2014) Focusing on the US, Gilchrist and Zakrajsek (2012) show that a decrease in the credit supply caused by worsening in the banks' capital position led to an increase in the cost of debt (via a widening of credit spreads) and a subsequent fall in spending and production. Bassett et al. (2014) use A second strand of related literature focuses on the role of wholesale funding. In general, before the crisis the literature contended that banks' increasing reliance on wholesale markets was positive. Unlike retail depositors, the providers of wholesale funding had an incentive to monitor banks, thus limiting risk taking (for example, Calomiris and Kahn (1991) ; Rochet and Tirole (1996) , because they were not protected by deposit insurance schemes. However, the crisis provided evidence that funding characteristics matter for bank distress and wholesale funding can be a source of instability (IMF (2013)), as wholesale funding made the financial system more interconnected and complex (Brunnermeier and Pedersen (2009); Farhi and Tirole (2012) ) and collective withdrawals triggered funding disruptions during crisis (Brunnermeier and Oehmke (2013) , Goldsmith-Pinkham and Yorulmazer (2010)).
From a more theoretical point of view, Dietrich and Vollmer (2010) study interbank markets in an international context. Freixas and Holthausen (2005) show that interbank market integration may fail when cross-border information about banks is less precise than home country information. More empirically, Afonso et al. (2011) examine the unsecured overnight market in the United States and show that market activity shrinks considerably after the bankruptcy of Lehman Brothers, but it does not collapse completely. The shrinking appears to be caused mostly by a withdrawal of supply. Brunetti et al. (2011) use data from the Italian e-MID market to examine whether central bank interventions improved liquidity in the interbank market. They find that public injections of liquidity increase overall uncertainty, as measured by higher market volatility and higher spreads. They find that asymmetric information is not mitigated by ECB interventions.
This literature review highlights the growing academic interest in analyzing the impact of wholesale funding shocks on economic activity and banks' behavior. The main contribution of our paper is that, unlike other papers that use bank-level data, we use data at the country level to address the question of the possible effects of a wholesale funding shock on the Euro area economy, particularly on the aggregate lending by the banking sector of different countries.
Data
We use quarterly data for eight Euro area countries over the period 2003:Q1-2015:Q4: Austria
(POR), and Spain (ESP). We restrict to Euro area countries as they have a common monetary policy, so that we can better disentangle the effects of the transmission of such policy into the real economy through the liquidity channel.
Our dataset 2 includes real GDP (GDP ) and inflation proxied by the GDP deflator (π) to control for macroeconomic conditions. We also take into consideration how liquidity shocks are transmitted into the financial sector and the banks' funding mix. For this purpose we include loans (Loans) and deposits (Deposits) from households and non-financial corporations, wholesale markets funding (Wholesale), defined as deposits from other deposit-taken corporations from the liabilities of the balance sheet of Euro area MFIs, and funding from the Euro system (ECB ) (deposits from the Euro system in the balance sheet of Euro area MFIs) since the latter can act as a liquidity buffer in times of stress, as has been the case since the beginning of the GFC. By relating this with retail deposits and wholesale funding, the link between liquidity hoarding and funding sources can be investigated.
To identify the stress in the interbank market we use the Euribor-OIS spread (Spread ): i.e., the difference between the rate at which European banks lend to each other (Euribor) and the overnight risk-free swap rate (EONIA) among the same banks in a 3-month period. This variable broadly captures the market funding cost and is generally considered to be an important determinant of banks' deposit and lending rates. Moreover, the spread captures the effect of the 2 Data corresponding to GDP and GDP deflator were collected from Eurostat according to the ESA10 procedure.
All data are in annual growth rates. All countries presented seasonally adjusted data, except for Ireland which only provides non-seasonally adjusted data. Hence, we apply annual growth rates to all series to control for any sort of seasonal effect. Financial aggregates were taken from the ECB aggregated balance sheet of Euro area MFIs unconventional monetary policy measures used by the ECB through the EONIA rate (Ciccarelli et al. 2013 ).
Finally, we control for country risk including the 10-year sovereign bond yield (Bond ) and for the strength of financial institutions (i.e., solvency) in each country by using a proxy for the aggregate capital ratio across all banks. To do so, we use an aggregate ratio of assets-to-capital where assets are not risk weighted, known as the leverage ratio (Leverage). Although this differs from the definition of banks' capital ratio, used in regulatory standards, it allows us to use data over a longer period and may provide a more faithful representation of banks' leverage. This group of variables allows us to study how liquidity shocks are transmitted to credit and GDP growth. Some summary statistics are presented in Table 1 . Average annual GDP growth rates ranged from a low of -0.2% in Italy to a high of 2.7%
in Ireland, whereas the GDP deflator displayed less dispersion among countries, staying below ECB's 2% inflation target. On average, deposits grew slightly more than loans in our sample. The last five rows of Table 1 show statistics of variables describing the banking sector's balance sheet composition. The loan-to-deposit ratio is used to assess a bank's liquidity by comparing a bank's total loans to its total deposits. Italy displays the highest loan-to-deposit ratio, while Belgium has the lowest one. In terms of the weight of loans and deposits in total assets, Ireland shows the lowest weight. The variable ECB funding shows banks' reliance on ECB's funding facilities. Note that peripheral countries have the highest proportion of ECB-funded liabilities. As for the reliance on wholesale funding sources, Austria, France and Germany exhibit the greatest proportion of this source of funding.
Empirical Model
We use a panel-data vector autoregression model (p-VAR). This methodology follows the vector autoregression approach, treating all variables in the system as endogenous, and incorporates the panel dimension of the data which allows to control for unobserved heterogeneity. We estimate a first order p-VAR model as follows:
where Y i,t is a vector containing macro-economic variables and financial systems' balance sheet information for each country i and quarter t. We use combinations of the nine variables described in the previous section to estimate different models, as we wish to compare results for different models, and we also extend the number of lags in the model. We present all the different specifications in the next sections. In order to ensure stationarity of the series we define each variable in annual growth rates, except for the spread which is expressed in levels. From now on, we refer to variables preceded by as the growth rate of the original series.
A i is a vector of country-specific intercepts, B is a matrix polynomial in the lag operator of order one according to the Akaike information criterion and the Schwarz information criteria (SBIC), and ε i contains the error terms for every left-hand side variable. In section 7 we show that the main results of our model are robust to alternative lag specifications. One advantage of this approach is that given the relatively short quarterly time series available for Euro area countries, the panel VAR allows us to have a larger number of degrees of freedom.
We estimate the coefficients of the p-VAR by system Generalized Method of Moments (GMM), using lags of the model variables as instruments.
3 There are two sets of instruments in the model: the first set deals with the endogeneity of the regressors while the second deals with the correlation between the lagged dependent variables and the error terms. In particular, fixed effects are correlated with the regressors due to the inclusion of lags of the dependent variables, so eliminating fixed effects by mean-differencing would result in biased coefficients. We use a Helmert transformation (forward mean-differencing) procedure instead (Arellano and Bover (1995) ), which removes only the mean of all future observations for each country-quarter. Lagged regressors can be used as valid instruments for estimating the coefficients using system GMM, since this procedure preserves the orthogonality between transformed variables and lagged regressors (see for instance de Haan and van den End (2013)).
To examine the financial system's response to a variety of economic shocks, we use impulseresponse functions derived from the estimated p-VAR model, presented in Table A1 in the Appendix. Our identification strategy relies in a Cholesky structure over ε to achieve orthogonal structural shocks. This structure implies an exogeneity ordering among the variables. The first variable is the most exogenous, affecting the following variables contemporaneously, while the last one affects the other variables only with lags.
Following Uribe and Yue (1996) we include ∆GDP and π as the most exogenous variables, where ∆GDP is the gross domestic product and π reflects inflation in a particular country at a given time. For the remaining variables, we think it is a reasonable assumption that banks react earlier to macroeconomic conditions through their lending channel than through consumer deposits. Lastly, we assume that the markets react through the changes in the yield of the treasury bond and the ECB provides liquidity after observing the state of the economy and the evolution of banks' balance sheets, hence they are the most endogenous variable. We assess the robustness of this ordering in section 7 by altering the order of the variables and analyzing the effect on the impulse responses.
Since we construct impulse-response functions from the p-VAR estimated coefficients, it is necessary to take into account the standard errors from these estimates. We calculate standard errors and construct confidence intervals on the impulse-response functions using Monte Carlo simulation. In particular, we conduct 1000 random draws of the model's coefficients, using the estimated coefficients and their variance-covariance matrix, to construct 90% confidence intervals for the impulse-responses.
Results
This section illustrates the results of our estimation in the form of impulse response functions.
We start by testing the performance of what we define as the baseline model. In particular the baseline model in equation (1) To do so, we study the response of our variables to a one standard deviation shock in GDP growth. Figure A1 in the Appendix shows the impulse responses for all the variables to this shock. GDP growth increases by 1%, and the effect dies out after 10 quarters. Following this shock, credit growth accelerates on impact and it plateaus after ten quarters, in line with the existing empirical evidence of credit procyclicality. Deposits follow a similar path increasing on impact (though less than credit did), raising the need of banks to find alternative funding sources. Thus, wholesale and ECB funding growth follow the same trajectory as the credit expansion. Since we feel comfortable with our estimation, we proceed to analyze the role of banks' funding mix during liquidity crises and its effects on GDP and credit growth.
In the past, liquidity crises have materialized in the form of an increase in the Euribor-OIS spread. We study the effect of a shock in the spread variable for the whole panel and repeat the p-VAR estimation of this baseline specification for two sub-samples of countries: core (Austria, Belgium, France and Germany) and periphery countries (Ireland, Italy, Spain and Portugal).
This exercise allows testing for differences in responses by groups of countries to similar shocks, i.e., the effect of ECB intervention in Central Europe compared to Southern Europe. In Section 7 we analyze the predictions of the model with the yield of the national treasury bond as an additional endogenous variable and show that the results are quantitatively similar. We now turn to describe the results for the whole panel and for the sub-samples through an analysis of the impulse responses of the variables to a shock to the spread and evaluate how the transmission of the shock differs in both groups.
Liquidity shock
The cumulative impulse response of deposits, wholesale and ECB funding to a one standard deviation increase (20 basis points) of the Euribor-OIS spread after 10 quarters is presented in Table 2 . When interbank market stress appears, i.e., funding becomes more costly for banks, we observe that wholesale market volumes fall significantly. Relative to the sample average growth 5 of wholesale funding of 1.25%, these results imply up that after 10 quarters it remains at an interannual growth of -7.7%, or 0.089 percentage points below its average growth. The average growth rate for wholesale funding in 2010 averaged -10%, so relative to the sample average our results are in line with the data. Wholesale funding demand falls both in core and periphery countries, though it is much more pronounced in the latter ones, with wholesale funding still 0.21 percentage points below its average growth two and a half years after the shock.
The reason for this major stress in the periphery banking system may be due to the banks' Our results also show the different dynamics followed when interbank stress appears. In that case, banks need to change their funding mix and rely more on other funding sources such as deposits or ECB funding. Deposits (households and non-financial corporations) have proven to be a very stable source of funding for banks, so it is difficult for them to raise a larger amount fast enough to solve liquidity problems. In fact, four quarters after the initial shock deposits remain fairly invariant and then they start to decelerate at a very slow pace. After ten quarters, deposits have barely changed. To put the results in context, deposit growth averaged 4.92% increase between 2003:Q1-2015:Q4 for the whole sample, so we can interpret the effect of the shock to reduce growth to 3.72%, or a 0.012 percentage point decrease after 10 quarters.
Different behaviors are observed in core and periphery countries that are consistent with the data. In the former countries, deposits remain relatively stable while in the latter deposits show a decelerating trend five times bigger: -1.24% from an average growth of 5.16%, or a 0.06 percentage point decrease ten quarters after the shock. The different response of deposits between periphery and core countries provide an external validation of the model vis-à-vis the observed behavior in deposits during the GFC in Europe. While Portugal and Ireland suffered large deposit losses in 2011 (13% and 6%, respectively), Germany attracted 10% more depositors. These patterns can be the result of two effects: divergent savings patterns between core and periphery countries 6 and the escape of foreign investors from the periphery towards more stable economies. The decrease in deposits held at the banking system in periphery countries took a toll on the recovery of these countries, with long-lasting effects through a weakened banking system and reduced credit growth.
The model is successful in disentangling how the effect of a shock to the spread is transmitted to the real economy and the financial sector. As a consequence of scarce liquidity, banks increase their claims on the Central Bank. ECB 6 During downturns, households' saving rate in core countries remains relatively stable while in periphery countries households increase their savings for precautionary reasons at the beginning but after some years their saving rates start falling in order to maintain their consumption level.
funding growth rate soars in the first four quarters and remains high after 10 quarters. 7 This is due mainly to the need of periphery countries to meet their funding constraints. These countries more than double this kind of funding in the first year after the shock and keep depending on this source for a long period of time. Core countries, on the other hand, seem to be more resilient to the funding stress and ECB funding growth is considerably less pronounced.
The way the shock in the spread is transmitted to the real economy is shown in Figures A2,   A3 , and A4 in the Appendix. GDP growth decreases following the liquidity shock, reaching its trough after 5 quarters for the whole sample and core countries. After that, the negative effect starts bottoming out. Periphery countries exhibit a more permanent impact on GDP growth.
There is a strong and relatively permanent decline in the growth rate of loans as well. Two years after the initial shock, loan growth continues to decelerate. This decline is much more pronounced in periphery countries than in core countries, which experience a smoother downturn and start to recover after 5 quarters.
All in all, our results show that during liquidity crises we observe that periphery countries, which have higher liquidity constraints, use ECB funding as a substitute for wholesale funding and deposits, while core countries, which are not so dependent on the Central Bank, use a wider range of funding sources. The resources provided by the ECB help to alleviate funding stress but this is not followed by a credit expansion. In fact, periphery countries suffer a larger downturn in banks' loans growth than core countries despite experiencing a similar negative impact on GDP. Next, in Figure 3 we look at the impulse responses of wholesale and ECB funding for the three panels. The impulse response functions for all the variables, as well as the cumulative responses 7 As we increase the time horizon for the responses, the standard errors of the estimated responses increase (especially for the subsamples), which explains why the cumulative response for all countries is a bit lower than for the core.
for the core and periphery can be found in the Appendix. Several findings are worth highlighting: 1) Wholesale liquidity funding shocks to the spread cause banks to adjust their funding mix through initial increases in their reliance on the ECB and wholesale market funding. However, after 4 quarters, there is an increase in reliance on the ECB and a decrease in wholesale funding.
2) This shock causes a relatively persistent impact on loan activity, which eventually dries up the wholesale market. 3) There is a heterogeneous response of core and periphery countries, with the latter experiencing a greater fall in deposits and market wholesale funding (compensated by a higher reliance on ECB funding) and a sharper fall in loan and GDP growth. Regarding the differences in behavior between periphery and core, the composition of banks' funding seems to play a relevant role alongside the leverage of the country's financial system.
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Our results have important implications for financial regulation and macroprudential policy since they point towards the need to implement minimum capital requirements or similar to assure financial soundness. In fact, capital flows from periphery to core countries put into evidence the risks of the financial fragmentation given the uncompleted banking union in the Euro area. When macroeconomic conditions deteriorate, we observe capital flowing from periphery to core countries.
During the crisis, this phenomenon harmed banks' balance sheets, increasing their funding costs (Al-Eyd and Berkmen (2013)) and therefore hampering monetary policy transmission through the credit channel. This phenomenon was amplified by the fact that periphery countries were more exposed to foreign investors and the relatively high degree of openness in their banking sector (Abascal et al. (2015) ).
Robustness
We have addressed the impact of the liquidity channel on banks' lending and the real economy and have taken a stand, as described in section 5, in the modelling choices. In this section, we re-estimate the model to assess the robustness of the results by performing three checks. First, we expand the model to include the yield of the national treasury bond as an endogenous variable.
Second, we alter our identification strategy. Third, although the SBIC criterion suggested to include one lag in the model, we re-estimate the model with two and three lags. We show that our results are robust to these changes. The estimated coefficients and impulse responses for the exercises presented in this Section are summarized in the Appendix.
8 Periphery countries display higher levels of leverage in our sample, which makes them more exposed to financial system stress. In particular the average capital to assets ratio of core countries is 16.75 compared to 12.02 in periphery countries for the period studied. In addition, periphery countries are more bank-based, so banking system weaknesses have a higher impact on the rest of the economy.
Inclusion of the treasury bond as an endogenous variable
We estimate an extended model that includes the yield of the 10-year sovereign bond in the model as an endogenous variable. We present a comparison of the impulse responses of the baseline and the extended model in Table 3 . The response of deposits and wholesale funding is remarkably similar when including the yield of the treasury bond as an additional endogenous variable, suggesting that while it is crucial to control for the heterogeneity in macroeconomic conditions across countries, GDP, inflation and leverage are already sufficient controls. The response in ECB funding demand after a liquidity funding shock in the extended model follows the baseline response closely, although the increases in initial claims after the shock are scaled up with respect to the baseline. Introducing the yield of the treasury bond in each country increases the precision of the panel estimates since, as we have previously shown, the substantial heterogeneity in responses between core and periphery countries makes the ECB response less precise when estimating the whole panel together. With this evidence, and while the inclusion of the treasury bond is definitely adding additional control to the estimation, given the length of our data we corroborate that the baseline model provides a good framework to study banks' responses following a shock to the spread.
Sensitivity of results to changes in the ordering of the variables
In section 5 we discussed the motivation for our choice for the ordering of the variables in the panel VAR model. In this section we will check the robustness of our results to changes in this ordering. In particular, we will follow de Haan and van den End (2013) and assume that wholesale variables (i.e., spread and wholesale) respond more quickly than retail items (loans and deposits). The reasoning behind this ordering takes into account the shorter maturities of wholesale instruments, which allow for quicker adjustments if needed. The alternative ordering has an effect on the initial response of variables by construction, since we now allow these variables to respond to the spread shock contemporaneously. Nevertheless, the impulse responses and the cumulative responses are comparable to the baseline. Deposits and Wholesale initially decrease faster under the alternative ordering, but the responses are comparable after 6 periods. The response of the ECB after a spread shock is qualitatively similar. The decrease of credit is quantitatively similar under both specifications.
Sensitivity of outcomes to changes in the number of lags
We motivated the choice of one lag in section 5 as indicated by the SBIC criterion. We also performed robustness checks for the number of lags by re-estimating the model and comparing the impulse responses of the model with two and three lags to the model with one lag. Figure 4 shows the impulse response of GDP, Wholesale funding, ECB, and Loans to a spread shock for the whole panel. Although the sign and co-movement of the responses do not change, the models with two and three lags have a somewhat smaller response and faster recovery compared to the original model. The largest difference occurs in the recovery of GDP, especially after 4 quarters, with a larger and more persistent drop in GDP in the baseline model with one lag. The models with two and three lags respond very similarly, although the coefficients are estimated more imprecisely given the reduction in degrees of freedom (results presented in the Appendix).
We interpret these results as a validation exercise for the baseline model. By incorporating more historical information, the variables do not respond as strongly as they do when only including information from the previous period in the first year after the shock, but the differences are mild. setup. To assess the heterogeneity across countries, we split our sample into two groups: core and periphery countries.
A liquidity funding shock is simulated through an increase in the Euribor-OIS spread. The results derived from the analysis of the impulse response functions reveal that banks substitute, to a greater or lesser extent, wholesale funding with ECB funding. The latter proves necessary to address banks' funding shortages but it does not assure a credit expansion once funding problems fade away. In fact, the liquidity shock significantly affects both economic activity and credit growth. The impact on GDP tends to revert faster, whereas in the case of credit the effect turns out to be more persistent.
We observe heterogeneous responses in core and periphery countries, with the latter experiencing more pronounced falls both in GDP and credit growth, and the negative effects from the shock last longer than in core countries. Additionally, periphery countries experience a greater fall in deposits and market wholesale funding (compensated by a higher reliance on ECB funding).
We have performed three robustness checks: the inclusion of the sovereign bond as an endogenous variable, a change in the ordering of the variables, and a change in the lag structure. Our results are robust to the different model specifications.
All in all, the results show that funding liquidity risk is an important factor to take into account once the Central Bank starts tapering its accommodative monetary policy stance held since the beginning of the GFC. In particular, we believe that these results have important implications for financial regulation and macroprudential policy, since they point towards the need to implement minimum capital requirements or similar to assure financial soundness. 
